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ABSTRACT
Interest in the potential usefulness of lobster trap
escape gaps in the Florida spiny lobster fishery prompted
an independent examination of their influence on capture
and behavior of the spiny lobster, Panulirus argus.
A trapping study was conducted off Southeastern Florida
during 1984/1985 using control traps, and traps with
escape gap openings of 51, 54, and 57 mm. The 51 mm escape
gap caught significantly more legal lobsters than any
other trap, while the 54 and 57 mm escape gap caught
significantly fewer sublegal lobsters. Carapace lengths
of lobsters increased as escape gap width increased.
The impact of escape gaps on behavior of Panulirus
argus was examined through field and laboratory
observations. Lobsters with a carapace length of 75 mm or
less were observed entering and exiting through a 51 mm
escape gap. Legal lobsters

(~

76 mm CLl were unable to

escape from the trap. Dominance interaction or agonistic
behavior were postulated to affect catch rates in escape
gap traps. Direct observations indicate they do not appear
to be a factor influencing catch rates of lobsters in
traps with escape gaps. It is hypothesized that the escape
gap acts as an auxiliary opening, enhancing the potential
of capturing a sublegal lobster .
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PREFACE
The thesis is presented in the manuscript form,
following guidelines set forth in the Nova University
Student Handbook. The thesis is divided into two parts,
revisions of the two parts will form the basis for
separate publications. Part One will be submitted to the
Fishery Bulletin as the manuscript, THE INFLUENCE OF
LOBSTER TRAP ESCAPE GAPS ON TRAPPING OF THE SPINY LOBSTER,
Panulirus argus (Latreille). Part Two will be submitted to
the Bulletin of Marine Science as the note, THE IMPACT OF
LOBSTER TRAP ESCAPE GAPS ON BEHAVIOR OF THE SPINY LOBSTER,
Panulirus argus (Latreille).

1

PART ONE
THE INFLUENCE OF ESCAPE GAPS ON TRAPPING
OF THE SPINY LOBSTER, Panulirus argus (Latreille)

2

INTRODUCTION
The spiny lobster, Panulirus argus, is an intensively
exploited marine fishery resource in the southeastern
United States, particularly along the coast of southeast
F19rida (Powers & Bannerot, 1984). In the Florida fishery,
sublegal spiny lobsters {<76 mm carapace length (CL)} have
routinely been used as living attractants since the 1950's
(Cope, 1959; Wolfferts, 1974; Hunt et al., 1986). In
1977, regulations were enacted by the State of Florida
that required fishermen baiting with these sublegal or
"short" lobsters to acquire a bond for the possession of
up to 200 shorts per boat, or three lobsters for every
trap aboard the vessel, whichever is greater. These
shorts represent a significant by-catch by fishermen
that do, and do not use them as attractants. Annual catch
rates of shorts can range from 5% of the total catch for
deeper reef areas to greater than 90% in shallow parts of
Florida Bay (see Appendix 1. this paper, and Lyons et
al., 1981). Throughout the trapping season shorts are
repeatedly captured, exposed in air during trap hauling
for periods of minutes to hours, then either released, or
reconfined in the traps as attractants.
Concern over the fate of short lobsters prompted the
Florida Department of Natural Resources (FDNR) to assess
the impact of confinement and exposure on spiny lobsters.
Their experiments demonstrated that exposure during trap
hauling could result in mortality. To illustrate how this
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mortality could potentially affect the fishery they
presented a model based upon their observed mortality
rates. Using a range of values for the average number of
shorts per trap, and season length, the model indicated
that mortality of bait lobsters due to confinement and
exposure (with 573,000 traps in the fishery) could
represent a loss to the fishery of 0.6 to 3.7 million
pounds of lobster annually (Hunt et al., 1986). Using
an ex-vessel price of $2.50 per pound, the annual
financial loss to the fishery was estimated to range from
1.5 to 9.3 million dollars.
Undoubtedly, the practice of baiting with shorts and
the repeated capture of shorts in lobster traps has a
negative impact on the fishery. To stem this negative
impact, two management measures have been proposed to
reduce the capture rates of undersized lobsters. These
are: 1) eliminate or modify the current baiting practices,
or 2) modify standard traps to allow for the escape of
short lobsters.
The consensus among lobster fishermen is that short
lobsters must be added to their traps as attractants to
sustain the yield of legal-sized lobsters. Heatwole et al .
(in prep) reported that traps baited with short lobsters
did indeed produce higher overall catch rates. They
outproduced both unbaited traps and traps baited with
cowhide. Similar improvements in overall catch rate were
reported by Yang and Obert (1978). Results of recent

4

studies by the DNR, presented at a South Atlantic
Fisheries Management Council meeting in September, 1985 ,
again demonstrated that lobster catch rates are enhanced
when short lobsters are used as attractants. Despite this
apparent enhancement, they presented the argument that a
complete moratorium on baiting with shorts would not
necessarily reduce the overall catch of lobsters, but only
extend the time period in which trapping would be a
profitable undertaking. Unfortunately this theory is
untested, and until it can be tested the elimination of
shorts as attractants would meet with strong opposition.
Responding to the problem of mortality of shorts due
to exposure, many fishermen have installed live bait wells
aboard their vessels. The live bait wells are an attempt
to reduce the potentially lethal effects of exposure on
the bait lobsters. In theory this, too, would appear to be
a reasonable alternative. However, one must consider that
a bait lobster maintained in a live well has to be exposed
and handled during trap hauling, released into the live
well (with potentially different water temperatures), then
re-exposed and handled during reconfinement in a trap.
Studies reported by Vermeer (1985) "suggest that acute
effects of exposure do not directly cause mortality but
inflict sufficient damage to sensitive nervous tissue to
induce potentially lethal aberrations in escape and
defensive behaviors". Lobsters that may outwardly appear
healthy in a live well may in reality have suffered lethal
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physiological trauma while being handled and exposed
during transfer into the well. Live wells are another
hypothetical possibility that must be more completely
investigated.
The second category of management alternatives, the
modification of traps to permit the escape of short
lobsters, was first investigated by Bowen (1963) in
Australia. He examined the impact of escape gaps (an
auxiliary opening within a standard trap) on Panulirus
cygnus, a spiny lobster species commonly fished in the
waters off Australia . Escape gaps were found to be a
viable means of capturing legal-sized

~

cygnus while at

the same time allowing most shorts to escape. In response
to his findings, escape gaps have been made a requirement
on all traps in the Australian fishery (Brown

«

Caputi,

1983). The Australian fishery is more closely regulated
than in Florida, with limitations on both total catch and
entry of new fishermen into the fishery. Under this
management plan there is virtually no incentive for a
fisherman to capture short lobsters. In contrast, the
illegal harvest of shorts is a problem in the Florida
fishery. This harvest is often openly performed under the
guise that short lobsters are used as attractants.
Enforcement of this activity is extremely difficult ,
resulting in a lucrative black market trade.
Implementation of escape gaps in the Florida fishery
could effectively eliminate the use of short lobsters as

6

bait by making them less susceptible to capture. Decreased
capture rates of shorts could reduce the illegal harvest ,
and potentially reduce the mortality due to confinement
and exposure. The overall result could be an enhanced
fishery .
To date. experimental work with escape gaps in waters
off Florida is limited. primarily conducted by the FDNR.
the same agency that regulates the Florida lobster
fishery. As a result. fishermen seriously question the
results of their studies. suspecting a potential for bias.
Fishermen also complain that FDNR studies may be conducted
under conditions different than those experienced by the
average fisherman. In response to these criticisms Kennedy
(1983) suggested that an independent escape gap study be
performed to confirm results of the FDNR.
In 1984/1985 I undertook an escape gap study
following Kennedy's suggestion. Trapping experiments were
performed aboard a commercial lobster boat. using standard
lobster fishing gear. Gear deployment followed local
practice. and the entire project was under the direct
supervision of an experienced lobster fisherman.

7

MATERIALS AND METHODS
Lobster trapping was conducted off Broward County,
Florida, south of the Port Everglades inlet. Three reef
systems, with approximate depths of 5, 10, and 20 meters
occur off the Broward County coast and extend north to
Palm Beach County (Craig,

1974).

Sixty wooden-slat lobster traps were set near the
outer (or "third") reef crest, along a north-south
transect (Fig. 1). Traps were constructed from cypress
lath, pressure treated pine 1"x4" boards, and pressure
treated pine firring strips. Outer trap dimensions
averaged 81 cm long x 61 cm wide x 46 cm high (32 x 24 x
18 in), with a slat width of 4.0 cm (1.5 in). The trap
entrance (throat) was constructed of downward-projecting
lath, surrounding an opening 18 cm x 18 cm square (7 x7
in). All traps were ballasted with a poured concrete slab,
covering the bottom boards. This trap design, depicted in
Figure 2, is one commonly used throughout the Florida
fishery.
Escape gaps, with widths of 50.8 (51), 54, and 57.2
(57) mm (2, 2 1/8, and 2 1/4 in) were situated on the
lower end of the trap opposite the hauling bridle. Gap
widths, measured from the trap floor to the base of the
lowest slat, were constructed with premeasured forms of
the designated width in inches. A center post on the ends
of the trap provided an additional attachment point for
the lath slat immediately above the gap. This extra

8

Figure 1.

Trap study site,with the location of the
trap-line transect off of Broward County ,

Florida.
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Figure 2.

Diagram of a top-entry wooden slat lobster
trap.
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attachment point virtually eliminated any warping of the
lath during immersion in water. Initially there were lS
traps of each gap, including lS control traps {traps with
standard 38mm (l.S in) openings}. Traps were baited with
portions of fresh cowhide placed in commercially available
plastic bait containers. The bait was replaced as needed
during trap hauling. Cowhide is currently the preferred
bait (besides shorts), as it can remain a viable
attractant for two or more weeks, a distinct advantage
during periods of rough weather (Craig, 1974). It has been
reported by Hunt et al.(1986) that cowhide does not
attract significantly more lobsters than an unbaited trap .
However, this baiting practice was used, since fishermen
in this study area insist on cowhide.
Carapace length measurements were made with a vernier
caliper, measured to

o.s

millimeter. Measurements were

recorded after each trap haul. Sexing of captured lobsters
was done by inspection of the fifth walking leg (the
dactyl of the fifth walking leg of females is chelate
while that of the males is not). If these legs were
missing then the pleopods were used to differentiate the
sexes. Males have uniramous pleopods while those of the
female are biramous.
A widespread opinion of fishermen is that lobsters
prefer clean traps over traps that are fouled. Therefore,
traps were scrubbed before re-deployment to remove
sediments deposited during the preceeding soak period,

13

here defined as the number of nights a trap has been in
the water .
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RESULTS
Trapping experiments were conducted from November 1,
1984 through February 2, 1985. A total of 475 trap hauls
representing all gap sizes were made during this period.
164 lobsters were captured, for a total catch per unit
effort (CPUE) of 0.34 lobsters per trap haul (presented
with 1983/1984 catch results in Figure 3). The rate of
capture of legals (130) to shorts (34), was 3.82 to 1.
With the classes divided, the CPUE for legals was 0.27 ,
and for shorts, 0.07. Overall, lobsters were captured in
18.5% of the traps.
Soak periods for traps ranged from 4 to 11 days, with
an average soak period of 6.69 days. Catch as related to
soak period (Table 1), shows that optimum CPUE was
obtained from a soak period of more than 9 days. Most

lobster fishermen haul their traps every five to seven
days, despite the greater CPUE produced from soak periods
of more than nine days. Working with less than optimum
soak periods is based on the economic requirement of
providing a weekly income for both the fisherman and

employees.
All traps were deployed singly throughout the length
of study area. Similar access to the traps by lobsters was
a reqUirement, necessary to eliminate experimental bias.
To determine if the traps were similarly inspected by ,
and/or inhabited by lobsters, a relative "rate of
inspection" was recorded during trap hauling. The
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Figure 3.

Histogram of total lobster catch rates for
1983/1984 and 1984/1985
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Table 1.

Nights

Catch related to soak period.

!!. PUll!!

!!. Lobsters

Catch/Trap

Overall
~5

112

33

0.28

6-9

283

90

0.32

80

40

0.50

,S.5

112

6

0.05

6-9

283

15

0.05

80

13

0.16

,S.5

112

27

0.24

6-9

283

76

0.27

80

27

0.34

?9

Shorts

?9

Legals

?9
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inspection rate was determined by the presence or
abscence of lobster tracks on individual traps, was
recorded during trap hauling. These distinctive tracks (or
footprints) are left in sediments that coat the traps
during a soak period. They are formed as the dactyls and
setae on a lobster leg make contact with loose sediments
on trap surfaces, while the lobster moves onto and around
the trap (Craig,

1974). Traps were cleaned of sediments

during each trap haul, therefore the presence of tracks
during the next hauling indicated that at l east one
lobster had come in contact with the trap during the
preceeding soak period. A comparison of lobster track
presence to each gap size is given in Table 2. The rate of
inspection was greatest for control traps at 0.83, i.e. at
least 83% of the control traps pulled had been visited by
at least one lobster. The three escape gap sizes had an
equal inspection rate of 0.78 (78%).
For legals, the catch per trap hau l
0.40 (45 lobsters) for the 51 mm gap,

(Figure 4) was

0.25 (28 lobsters)

for the 54 mm gap, and 0.22 (25 lobsters) for the 57 mm
gap. The catch per trap haul for control traps was 0.23
(32 lobsters), less than both the 51 and 54 mm gapped
traps. A single classification analysis of variance,
performed on the weekly catch data, indicated significant
differences in catch (.0;=0.01) for both legals and shorts.
Weekly catches had been normalized to a seven day soak
period, and log transformed to compensate for zeros in the
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Table 2.

Comparison of lobster track presence to each
gap size

Track Presence

Ratio

Control

137

114

0.83

51 mm

114

89

0.78

54 mm

112

87

0.78

57 mm

112

87

0.78

475

377

0.80
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Figure 4.

Histograms of legal, sublegal, and pooled
lobster catch/trap for 1984/1985.
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raw catch data. The GT-2 method for the comparison of
means of unequal cell size, described by Sokal & Rohlf
(1981), and recommended by Hunt & Lyons (1986) was
utilized to identify significant differences between mean
catch rates. With this method, 95% comparison intervals
were significant when they did not overlap. The 51 mm
gaps caught significantly more legal lobsters than any
other gap, including control traps. There were no
significant differences however, in the legal catch
between traps with control,

54, and 57 mm gaps.

The catch per trap haul of shorts was not
significantly different between the control (21 lobsters)
and 51 mm gaps (11 lobsters)(Figure 4B),

though both were

significantly greater than the catch in either 54 or 57 mm
gaps (1 lobster each), which were statistically equivalent.
When both size classes were pooled (Figure 4C), the
overall catch rate between the 51 mm gap and the control
trap did not differ from each other (a=.05). However, the
51 mm gap did have a significantly greater catch rate than
the two larger gap sizes, while the control gap catch rate
was not significantly different than the 54 or 57 mm gaps.
The sex ratios of lobsters (Figure 5) did not vary
significantly between gap sizes. Insignificant variations
in the sex frequency occurred in the 54 mm gap, capturing
24% more females, and in the 57 mm gap, capturing 16%
more males. Overall, slightly more female s were caught,
outnumbering the males by a ratio of 1.13/1.0, similar to
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Figure 5.

Sex frequency of captured lobsters,by gap
size. N

=

number of individuals of each

sex, by gap size. Females represented by
the shaded areas.
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the 1.2/1.0 female/male ratio reported by Lyons et

~1.

(1981). for natural populations in the Florida Keys. Both
ratios approximate unity. reported to be the general
tendency of Panulirus argus populations (Creaser. 1952;
Davis. 1974; Warner et

~~.

1977). The only evidence of

potential reproductive activity was the capture of three
tar-spotted (spermatophore-bearing) females during
November. No egg-bearing females were captured during the
trapping period.
A comparison of the carapace lengths of lobsters.
divided into 5 mm increments (Figure 6). suggested an
increase in the mean size of lobsters as the gap size
increased. Mean carapace lengths were 79.03.

82.94.

89.74.

and 91.44 mm for the control. 51. 54 and 57 mm gaps
respectively. The Chi-square test on the distribution of
carapace lengths was normal (a=.OOl) for all gap widths.
as well as for all gap widths pooled. A linear regression
of carapace length versus gap width (Figure 7) for total
catch. demonstrated a significant increase (a=.Ol) in the
carapace length as gap width increased (Y=56+.58X) . A
similar increase was observed with the legal catch (a=.05.
Y=72+. 30X) .
Escape gaps were placed opposite the hauling bridle
on the assumption that sublegal lobsters occupying the
trap would fall through the gap as the trap was hauled to
the surface. Lobsters did tend to fall toward the gap
side. and in three cases were observed to exit the trap.
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Figure 6.

Histograms of lobster catch for each gap
size. and the catch of all gap sizes pooled.
Shaded bars represent the sublegal
«76mm GIl catch. Open bars represent the
legal catch
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Figure 7.

Comparison of carapace length versus gap
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One was observed leaving the 57 mm gap as the trap was
rising through the water column, another fell through a 51
mm opening as the trap left the water, and a third
lobster, measuring 75mm CL. escaped through a 51 mm gap
whi I e on deck.
A variety of other organisms were captured in the
traps. Other species were captured in 12% of the control
traps, 6% of the 51 mm gap, 7% of the 54 mm gap, and 9% of
the 57 mm gap, representing 9% of the total trap hauls.
The honeycomb cowfish, Acanthostracion 2Qlygonius, was the
most common species captured (Table 3). Whenever another
species was captured, lobsters were not present in the
trap. Because other species were caught in only 9% of the
traps, it could not be determined if gaps had a
significant influence on the capture of other species.
Except for an occasional rock, the only nonliving items
recovered from traps were the remains of five

~

argus

molts, three male and two female (a l l >75 mm CL). All were
recovered during January.
A number of traps (30) showed some sign of damage.
Observations on the types of damage and possible causes,
or reasons for the damage were recorded. Causes were
subjectively broken down into three categories; animalrelated (sharks, sea turtles, or large fish), general wear
and tear, or diver-related.
It is estimated that 50% of the damage to traps was
caused by animals. Animals were suspected when either one,
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Table 3 .

Other species captured in lobster traps

1984/1985
Common Name

Scientific Name

Captured

Hermit Crab

Petrochirus species

5

Sheep Crab

Mithrax species

2

Honeycomb Cowfish

Acanthostracion polygonius 26

Smooth Trunkfish

Lactophrys trigneter

5

Nurse Shark

Ginglymostoma cirratum

1

Octopus

Octopus species

1

Cherrystone Clam

Mercenaria mercenaria

1

Gorgonian

Gorgonia species

1

Shovelnose Lobster

Scy!!~

aeguinoctialis

1

Banded Shovelnose Lobster

Scy!!~

nodi fer

1

~

1983/1984
Common Name

Scientific Name

Hermit Crab

Petrochirus species

Honeycomb Cowfish

Acanthostracion polygonius 14

Nurse Shark

Ginglymostoma cirratum

1

Moray Eel

Gymnothorax funebris

1

Spotted Scorpionfish

Scorpaena plumieri

1

Bristleworm

Hermodice species

1

~

Captured
34
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or both ends of the trap had been crushed inward. In one
instance, a nurse shark (Ginglymostoma cirratum) was
recovered from a trap with one end crushed inward. The
shark was too large to enter or exit through the throat ,
and was removed from the damaged end.
Diver tampering was suspected when slats appeared to
have been cleanly and systemically removed, usually one or
two from the top. During one hauling trip a dive boat was
observed actually moored directly to one of the buoy
lines. As the trap next to this buoy was brought to the
surface two apparently startled divers surfaced close
behind the trap. This particular trap contained lobsters,
however the trap to which the boat was moored contained no
lobsters, and had the upper slats cleanly removed. Other
than this incident though, diver damage, and/or tampering
was observed in only 17% of the damaged traps. Minimal
tampering was probably due to the deeper depths in which
the traps were fished.

The remainder of trap damage (33%)

was attributed to normal wear and tear.
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DISCUSSION
The total catch per unit effort (CPUE) for this study
is small compared to studies from Southeastern Florida and
the Florida Keys (Table 4). Greater catches in the Keys
are expected, as the Keys lobster fishing grounds are
known to be the most productive in the area. The larger
catches from Palm Beach County are also expected since the
data were obtained at a time when fishing pressure was
less. Most important, perhaps, is the similarity between
the catch obtained in the study area, from two trapping
seasons 1983-84, and 1984-85 (Figure 3). Despite the
introduction of roughly 75% escape gap traps for the 84-85
study, the overall CPUE did not significantly differ from
one season to the next. This indicates that the quantity
of lobsters captured during the study period was typical
of the study area, despite differences that may occur
elsewhere.
For this s tudy, the "inspection rate" for all traps
combined was 79%. The inspection rate index must be
considered an underestimate since some traps contained
lobsters but showed no sign of lobster tracks. This may
have resulted from lobsters entering the trap before
sediments were deposited on the trap surfaces, then
remaining within the trap until the next trap hauling.
Despite the high inspection rate, the percentage of traps
containing lobsters was only 18.5%. The large difference
in inspection versus capture demonstrat es how active
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Table 4 .

CPUE

Comparison of catch per unit effort (CPUE)
of spiny lobsters in Southeastern Florida
and the Florida Keys.

Depth(m)

Location

Reference

0.34

20

Broward County

Table 1 , this paper

0.42

20

Broward County

Appendix 2, this
paper

0.83

29

Middle Keys

Lyons, et al.

1.18

17

Palm Beach

Appendix 1, this
paper

1. 22

17

Palm Beach

Craig (1974)

1. 42

30

Upper Keys

Lyons, et al.

2.27

25

Middle Keys

Hunt and Lyons (1985 )

(1981 )

(1981 )
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lobsters were around lobster traps . The " inspection rate"
determined by lobster track presence, has apparently not
been previously recorded, probably due to the requirement
of constant sediment deposition. In shallow trapping areas

in the Keys, for example, heavy biological fouling of
traps would make the identification of lobster tracks
impossible.
Legal-sized spiny lobsters are the predominant size
class found on offshore reefs (Warner et al., 1977, Cobb
and Phillips, 1980). Consequently, the greatest CPUE is
produced from deep reef areas (Lyons, et

~~,

1981). A

comparison of the catch ratios for legal/short lobsters in
Broward County and the Keys (Table 5) shows a distinct
change in both areas when gaps are incorporated in traps.
Control trap catch ratios in the areas were similar before
escape gaps are used, and show a similar decrease in
legal/short ratios after escape gaps are included.
Conversely, legal/short ratios of escape gap traps show a
corresponding increase as gap width increases. The change

in Broward County is attributed to the smaller number of
legal lobsters captured and the larger number of sublegal
lobsters captured in control traps versus escape gap traps
(demonstrated in Figure 4) .
Escape gaps do affect catch rates, indicated
by the inequality in catch rate values for control versus
escape gap traps. As escape gap width increased,
significantly fewer shorts were captured, suggesting
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Table 5.

Comparison of catch ratios of legal
lobsters versus sublegal lobsters as
a function of gap size in Southeastern
Florida and the Florida Keys.

Gap Size
Control 51 mm

1.52

4.1

1.27

3.0

2.4

Reference

52!!.!ll!

28
7.0

13.0

Figure 4, this
paper

25

Hunt !!! s'!"",
(in press) **

*

2.2*

*

Studies without escape gaps

** Research performed in the Florida Keys

Figure 3,
1983/1984, this
paper
Lyons et al.,
(1981) **
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either the gaps were used for escape, or that lobsters
refused to enter the traps because of the gaps. Escape
through the trap throat would be another possibility,
however that escape rate should be equal for all traps,
regardless of an escape gap. Direct observations showed
that short lobsters could definitely escape through the
gaps. The data presently supports only an escape
hypothesis, while not discounting the use of the escape
gap as an entrance. Refusal to enter a trap because of a
gap, or escape through the throat could not be
determined from the trapping study.
Catch rates of legal lobsters were greater with the
51 mm gap than the control gap. Bain (1967) noted a
similar greater catch rate of legal lobsters in escape gap
versus control traps in New Zealand, although Hunt and
Lyons (1985) reported control traps and those with 2" gaps
had equivalent catch rates of legals. These differences in
catch may reflect apparent changes in the composition of
discreet populations. Such differences may be the
variability in size or sex frequencies from one geographic
region to the next. Because of the variability that is
bound to occur, inferences as to how gaps might work in
other trapping areas cannot be justified without
independent assessments.
From trapping studies alone, various interpretations
can be made as to the reasons why there is significant
variability in the catch, between control and escape gap
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traps. The lobster fisherman must view the variability
from an economic standpoint. Catch rates are enhanced by
escape gaps, but is the yield of lobsters by weight
improved? From direct measurements of lobsters, Lyons et
~h (1981) derived the equation W=.00422 C12.64091

relating carapace length to weight. Utilizing this
equation, total weight of the legal catch for each gap
size was derived (Table 6). The estimated total weight of
lobsters captured was greatest for the 51 mm gap. The
control and 54 mm gap had virtually similar weight, while
the 57 mm gap was somewhat less. The similarity between
the control and 54 mm gap demonstrates how a smaller
number of captured lobsters may not necessarily reflect a
negative economic impact on the fisherman. The large
weight estimate for the 51 mm gap reflects the potential
benefit a fisherman may derive from escape gaps. The only
true test of escape gaps though, is their large scale
inclusion into the fishery over time.

II
"

I
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Table 6.

Total lobster weight predictions, from the
relationship of carapace length to weight, for
each legal lobster captured.
Weight (kg)=.00422 x CL(cm)2.64091
(Lyons et a1., 1981)

Gap Width lmm)

Sum of Weights

Control ( 38)

17.4 (38.4 1bs)

51

24.36 (53.6 1bs)

54

17.4 (38.4 1bs)

57

16 . 1 (35.5 1bs)

~
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CONCLUSIONS
Management objectives set forth in the Gulf of Mexico
and South Atlantic Fishery Management Plan (1982) for
spiny lobster include: increasing yield by weight from the
fishery,

and promoting efficiency in the fishery.

In the

study area, where legal lobsters constitute the majority
of the total catch in lobster traps, and where sublegal
lobsters are not routinely used as attractants, catch
rates of legal lobsters were significantly increased by
incorporating at least a 51 mm escape gap into a standard
wooden-slat lobster trap.
There is a significant correlation linking increased
carapace length to increased gap width.
One of the goals in promoting efficiency in the
fishery is to reduce or eliminate the deliberate capture
of sublegal lobsters for use as attractants, as well as
their incidental capture. Within the study area, an escape
gap of greater than 51 mm may significantly decrease the
capture of sublegal lobsters without significantly
reducing the capture of legal lobsters.
Relying on data gained from the trapping studies
alone, ,it is not possible to conclusively explain why
there are significant differences in catch rate between
standard traps and escape gap traps; but the differences
do occur. Observational studies are required to determine
how lobsters react to the various escape gap
configurations .

"
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PART TWO
THE IMPACT OF ESCAPE GAPS ON THE BEHAVIOR OF Panulirus
argus, BASED ON FIELD AND LABORATORY EXPERIMENTS

42

INTRODUCTION
Escape gaps in lobster traps are a significant factor
affecting the capture rate of both legal and short spiny
lobsters, as demonstrated in Part One. It is not
understood how, or why these changes are manifested.
Kennedy (1983) attempted to explain changes in capture
rate, namely the increased yield of legal lobsters, as a
behavioral phemonenon, stating "As a fishery management
consideration it may be less important to know why traps
with escape gaps catch more legal lobsters per unit effort
than that they do indeed catch them". This is not
surprising as lobster trapping has historically been
primarily a fishery management concern, not one with
ecological or behavioral significance. Regardless of
Kennedy's argument, understanding why and/or how the
escape gap affects catch rates may not only improve our
knowledge of lobster ecology and behavior but provide
fishery managers with precise information necessary for
sound management decisions.
Surprisingly, our knowledge of lobster behavior
relative to traps is limited. Miller and Sutherland
(1976), at the Southeastern National Marine Fisheries
(NMFS) laboratory, recorded trap and food type preferences
of spiny lobsters using video cameras for remote
observations. Activity patterns of lobsters in and around
the traps were described from the video recordings. A
similar study with prototype traps was conducted by T.A.
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Herbert and Associates (Anonymous, 1979). Trap yields and
qualitative behavioral observations were reported, however
they concentrated on the shovel nose lobster Scyllarus

~.

Field observations on spiny lobster behavior reported by
Craig (1974), give further qualitative information based
on commercial trapping experiences. Bowen (1963), Bain
(1967), and Everson et al.(1984) have all reported on
escape gap effectiveness with Pacific species of spiny
lobsters, but there is no escape gap behavioral
information on the Atlantic species Panulirus argus .
Descriptions of the general behavior of Panulirus
argus, unrelated to traps, have been reported in numerous
papers (Herrnkind, 1969, 1974; Herrnkind & Barr, 1970;
Herrnkind et al., 1975; and Mulligan & Fischer, 1977) .
Behavioral observations of

~

cygnus and

~

interruptus,

Pacific species, have been reported by Roth (1972) and
Cobb (1980). These observations are similar to those of

~

argus, however, according to Atema and Cobb (1980) there
is insufficient knowledge of lobster behavior to make
comparisons among species.
To provide a more comprehensive understanding of the
influence of escape gaps on

~

argus behavior. a series of

field and laboratory experiments were conducted in 1985
and 1986. Experiments were designed with the hypothesis
(proposed by Kennedy, 1983) that with the introduction of
escape gaps, changes in catch rate are indeed due to a
behavioral phemonenon. Dominance interaction, or an
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agonistic type behavior were likely possibilities for this
behavioral phemonenon. though information relating these
activities to

~

argus were not available. Experiments

were designed to test whether these behavioral activities
occur when escape gaps were included into traps.
Since in situ observations on trap-related behavior
are scarce and escape gap information virtually
nonexistent.

it was necessary to observe directly how

lobsters behaved under in situ conditions. The ideal study
site would occur within a trapping region. as the study
primarily concerned trapping. Since monitoring lobster
traps on a diel basis directly on trapping grounds (the
reef) was unfeasible. an alternative location offering
"natural" conditions was sought.

(Natural in terms of

being a location inhabited by lobsters. and having
characteristics similar to those found in trapping
regions). Such a study site was located on Summerland Key .
25 miles from Key West (Fig. 1). A series of deepwater
canals are situated on the Atlantic Ocean side of
Summerland Key. and both legal and sublegal lobsters are
common inhabitants of these canals. Permission to use a
portion of one canal as an observation site was granted by
the owners. At this location monitoring of several
different populations of spiny lobsters was performed.
Monitoring continued for up to 36 consecutive hours.
After observing lobster behavior under in situ
conditions a more detailed laboratory examination was
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Figure 1.

Location of the field study site in the
Florida Keys.
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conducted. A single lobster trap (with escape gap) was
housed in a large tank, with the activity of lobsters
introduced into the tank recorded on videotape.
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MATERIALS AND METHODS
Field Experiments
The field study site on Summerland Key, diagrammed in
Figure 2, consisted of a canal section closed off at one
end by small mesh netting extending from the canal bottom
to the surface, and running from canal bank to canal bank .
The opposite end contained a 2 m-diameter culvert, also
covered by netting. Bottom depths within the enclosure
ranged from 6 meters (20 ft.) at the net, to 1 meter (3
ft.) at the culvert. Low undercuts in each canal bank, and
a deep crevice in the bulkhead next to the culvert, known
to be frequented by lobsters, provided den space. Two
"concrete habitats", constructed of concrete block were
added to ensure adequate den space. "Concrete habitats"
were successfully used as lobster habitats by Davis

(1979).
Two control traps , and two traps with 51 mm escape
gaps were positioned in the enclosure (Figure 2). The 51
mm gaps were chosen on the basis of the trapping study in
Part One. Observations were made on one c ontrol and one
gapped trap centrally located in the enclosure. The other
traps were placed in deeper water away from the
observation area to compare catch rates between locations.
All traps were baited with cowhide and soaked for seven
days prior to testing. Before lobsters were introduced
into the enclosure traps were scrubbed and re-baited.
A floating platform with plexiglas viewing port,
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Figure 2.

Diagram of the field study site on
Summerland Key .
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continually manned by an observer. was positioned via guy
ropes within viewing range of the observation traps. Guy
ropes enabled an observer to move out of the enclosure
area without disturbing the water. Observations were
vocally recorded on cassette tape. and subsequently
recorded in a logbook immediately following an observation
shift. Observation shifts lasted from one to two hours
depending on the number of observers available.
The original intent was to videotape all
observations. To facilitate filming at night a series of
red-filtered lights were placed within the enclosure. The
red f i 1 ters. absorbing all 1 ight to 605 nm (measured on a
spectrophotometer). were incorporated to minimize any
behavioral effects caused by the night lights. As reported
by Goldsmith and Fernandez (1966). Panulirus argus shows
little visual response to light above 600 nm. Attempts at
videotaping were unsuccessful due to equipment
malfunctions. so after one test the red-filtered lights
were removed. Additional lighting. other than spotlights
already present near the study site. was not required to
make direct observations.
Lobsters were carefully captured late in the
afternoon within the immediate vicinity of Summerland Key
by divers. After lobster carapace lengths were recorded.
lobsters were placed in a 115 liter (30 gallon) perforated
plastic bin. The bin was constantly submerged to reduce
adverse effects from exposure. At the study site the bin
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was placed directly inside the net enclosure . Lobsters
were released into the enclosure within approximately one
hour of capture. Direct monitoring was begun immediately
after release of the lobsters. Because collecting was
performed during the closed lobster season, a special
collecting permit was secured from the FDNR.
Laboratory Experiments
Groups of legal and sublegal lobsters were captured
in waters off Broward County with tickle stick and net via
SCUBA. Lobsters were released into a holding tank in the
laboratory for a 24-48 hour acclimation period, then
released into a 450 liter test tank (Figure 3). Both tanks
were supplied with constantly-flowing, filtered seawater
obtained from the capture site, and maintained at a
o

temperature of 25 C. A lobster trap, modified with a 51
mm escape gap, and pre-soaked for a minimum of 7 days was
housed within the observation tank. Lobsters were exposed
to the trap both unbaited and baited, and activity
recorded on a VHS video recorder via a closed circuit
television camera. A video monitor was incorporated into
the system to permit direct observations.
The entire observation area was sealed off to
establish a light/dark cycle, and limit outside
interaction with the test animals. Four spotlights fitted
with red filters were arranged inside the enclosure to
facilitate filming at night. Observations from experiments
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Figure 3.

Diagram of the laboratory setup for
monitoring lobster activity.
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in the Keys indicated that lobster behavior was not
adversely affected by red-filtered illumination.
Sufficient artificial daylight illumination was obtained
through a combination of overhead "cool-white" fluorescent
lighting already present in the laboratory, and an
auxiliary bank of fluorescent lights placed above and
perpendicular to the test tank. The light/dark cycle was
maintained at 11 hours light, 13 hours dark, similar to
the light/dark cycle naturally occurring during test
periods (January and February) .
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RESULTS
Fielg Experiments
Lobster activity was monitored during three separate
tests conducted in July and August of 1985 (summarized in
Table 1). Tests lasted 12, 24, and 36 hours respectively.
From 10 to 25 lobsters, both male and female, were
introduced into the test enclosure for each test. Carapace
lengths of test animals ranged from 51 mm to 83 mm.
After introduction, lobsters were observed to move

into the concrete habitats, the traps, and toward the
enclosure net, into deeper water. The majority of animals
however, moved directly into the crevice in the culvert
bulkhead. Throughout the night lobsters actively migrated
from the culvert wall to the observation traps, where they
were observed climbing onto, and around, both traps. Both
legal and sublegal lobsters were observed entering the
control observation trap through the throat. Lobsters were
not observed entering the escape gap trap, either through
the throat, or the escape gap. Conversely, the escape gap
trap near the enclosure net contained lobsters, while the
control trap did not. Lobsters that inspected the traps
but did not enter, either moved back to the crevice or on
toward the base of the enclosure net. All lobsters
encountering the net would approach head-on, with antennae
contacting the net first. After pushing gently into the
net, they would turn and back into the net with abdomen
tucked. If the lobster was unsuccessful at moving through

Table 1.

Test Date

5/1/85

Summary of Field Experiments

# Lobsters

Sex

25

M

Size (mmC1)

Test Duration (hrs)

51,60,61,63,65.5
66,66,67,68,70,71
71,73,76,76,79,80

F

12

61,62,65.5,71,74,
78,83

-------------------------------------------------------------------------5/31/85

15

M

59,60,61,64,64,72
72,76

F

24

53,61,67,68,70,76,
76

6/14/85

16

M

62,63,64,68,70,70
72,72,76,81,83

F

36

66,68,72,74,76
V1
...,
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the net it would back off, move further along the net ,
then repeat the behavior. Although the net was weighted
throughout the entire length, lobsters persistently
attempted to escape the enclosure. Many successfully
escaped from beneath the net where slight irregularities
in bottom contours were present. Lobsters not escaping the
net would eventually move back to the crevice or concrete
habitat.
Lobsters that moved into traps almost continually
moved throughout the night observation period. Lobsters
constantly probed through trap slats with antennae,
antennules, and legs. Although as many as three lobsters
were observed in a trap at any given time, a gonistic or
dominance-related interaction between these, or any
lobsters in the enclosure was not observed. Feeding, at or
near the bait cup, was not observed. Activity within the
trap subsided as daylight approached. During daylight
hours lobsters in the enclosure were not active.
The general behavior of lobsters inside the
enclosure versus those outside the enclosure (observed in
an adjacent canal) was found to be similar by all
observers. All observers also noted that when the redfiltered lights were used they did not appear to have an
adverse affect on behavior . At night, several lobsters
were observed moving from the adjacent canal, into, and
through the culvert, in an apparent attempt to enter the
test enclosure. Up to 12 lobsters were observed in the
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culvert during the observation period. Large

Mith~

crabs

were abundant in the canal, and several were caught inside
the enclosure. They were observed on and around, but not
inside the traps. At the conclusion of all experiments
lobsters were released into the canal .
Laboratory Experiments
A total of 132 hours of videotape observations were
made on 4 combinations of legal and sublegal lobsters
(summarized in Table 2). Lobsters were exposed to a 51 mm
escape gap trap, with and without bait. Lobsters
rapidly adapted to conditions within the test tank and
were observed moving freely about shortly after
introduction.
Lobsters responded similarly to the trap whether it

I

was baited or unbaited. They actively climbed onto, and
around all parts of the trap. Both legal and sublegal
lobsters were observed entering through the trap throat,
both head-first and tail-first, primarily at night.
Sublegals were also observed entering head-first and tail first through the escape gap.
Escape from the trap occurred only through the gap,
and only sublegal lobsters were capable of negotiating the
gap. The largest lobster which moved through the gap
measured 73 mm CL; however a 75 mm CL lobster was able to
escape through the gap while attempts were made to remove
it from the trap. Escaping lobsters exited though the gap

Table 2.

Summary of Laboratory Experiments

Test Date

# Lobsters

Sex

12/19/85

2

M

1/6/86

3

Size (mmCl)

F

78
68

F

68,72,76

Bait
No

Test Duration(hrs)

16

Conditions
Both lobsters
inside trap

Yes

42

68 inside trap
72,76 outside
trap

1/24/86

4

M

F

1/27/86

4

M

F

56
79,79,79

No

68
72,75,79

Yes

36

All lobsters
outside trap

30

72 inside trap

JUi others
outside trap

CT>

o
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both head-first and tail-first.
Lobsters actively inspected the inside of the trap
after entry. A quantitative determination of movement
lobsters made inside the trap was made by recording the
number of times an individual lobster crossed the mid-line
of the trap lengthwise, extending from the throat to the
back of the trap. This relative activity count was limited
to legal lobsters as they were unable to escape.
Histograms of the a ctivity rate over time (Figures 4A-C)
indicate greatest periods of activity at night, regardless
of whether bait was present or not. Lobsters from test B
(Fig.

4A) showed no response to the bait, whereas lobsters

from test D (Fig. 40) were highly attracted to the bait,
spending little time moving about the trap. The variation
in response to the bait is attributed to the length of

time in which lobsters were kept without food. The
lobsters tested in Fig. 40 had gone six days before
receiving bait, whereas the lobsters tested in Fig. 4A had
gone only one day. Direct activity counts were not made
for the test on 12/19/85, however the activity patterns
were similar to those already described.
The primary activity of legal lobsters trapped during
the first night of observation, was circling the upper
margins of the trap, upside down. During the second night
of captivity,

lobsters remained mainly on the bottom of

the trap. They moved back and forth across the mid-line,
backed into the escape gap with abdomen tucked, or
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Figure 4.

Histograms of relative lobster activity over
time, for laboratory tests. The relative
activity count is defined as the number of
times an individual lobster crossed the
mid-line of the trap lengthwise, per six
hour period. Figure 4A from test date 1/6/86,
Figure 4B from test date 1/24/86, Figure 4C
from test date 1/27/86.
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remained inactive. Lobsters were observed persistently
extending their legs and antennae through the wood slats.
During the course of testing two apparently healthy
legal lobsters died while inside the traps. Reviews of
videotapes only ruled out the possibility of an aggressive
encounter as the cause of death. Actual cause of death
could not be ascertained. The restricted surroundings to
which the test lobsters were exposed should have provided
an excellent environment for eliciting agonistic or
dominance-related encounters, yet this type of interaction
between individuals was not observed. Interaction between
lobsters was limited to infrequent antenna I contact none
of which could be construed as agonistic in nature.
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DISCUSSION
The activity patterns of lobsters observed in the
field and laboratory were similar to patterns described by
Miller and Sutherland (1978). Miller and Sutherland also
observed (but did not quantify) lobsters leaving the trap
through the throat, when bait containers were suspended
from the roof of the trap. Bait containers were suspended
from the roof of the trap in a simi lar manner for the
present study, but lobsters were not observed leaving
through the throat. While there is no doubt that some
lobsters must be capable of escape through the throat,

the

rate of escape through the throat is considered minimal,
based on the behavioral observations. Furthermore, changes
in the activity of lobsters observed within the trap,
indicates that the potential for escape through the throat
may decrease the longer a lobster remains in the trap.
This is only true for larger lobsters, since in this study
sublegal lobsters were capable of freely exiting through
the escape gap. The direct observations of traps cannot
support arguments by fishermen that lobsters leave the
traps during periods when catch rates are low. However,
enhanced activity patterns of lobsters at various times
during the year, such as the fall migration, may improve
their chances o f exiting through the throat.
The hypothesis that dominance interaction or
agonistic behavior influence catch rates in traps with
escape gaps could not be demonstrated from either field or
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laboratory observations. However. data from the field
study (Part One) suggests that escape gaps do have a
significant influence. From the observations it became
apparent. at least for sublegal lobsters, that escape gaps
provide an additional entrance and exit point in the trap.
Sublegal lobsters are presented with an opening in the
trap without the cost of expending energy searching for an
opening. Indeed, Miller and Sutherland (1918) reported
that lobsters could locate and enter a trap with an
entrance near the base much faster than in a trap with an
entrance on or near the top. In effect,

the escape gap

enhances the chances of attracting a sublegal lobster into
the trap.
Kennedy et

~~

(1984) reported increased catch

rates in traps pre-baited with sublegal lobsters. Since
the escape gap improves the chances of attracting a
sublegal lobster into the trap,

it should improve the

chances of attracting a legal lobster as well. It is
assumed that a legal lobster is equally as attractive as a
sublegal lobster, so the probability of attracting more
legals is maintained even if the sublegal lobster chooses
to exit the trap. It is hypothesized that over a given
period of time, the escape gap trap should outperform the
standard trap, by catching more legal and fewer sublegal
lobsters. Support for this hypothesis is demonstrated in
Figure 4 (Part One), with a 51 mm

escape gap. The 51 mm

escape gap caught more legals and fewer sublegals than the
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control trap. A similar result has been reported by
Everson et

~~

(1984) in Hawaiian waters. Differences in

catch of the 54 and 57 mm

gaps may be attributed to the

marginally legal-sized lobsters that can escape through
larger gaps, as well as the sublegals that can escape.
Management Implications
The fishery management councils responsible for
regulating the Florida lobster fishery are strongly
opposed to the practice of baiting traps with sublegal
lobsters, and are currently considering measures to
eliminate this practice altogether. Without pre-baiting to
enhance trap attractiveness, short-term catches may
decline, contrary to management objectives. However,
incorporation of escape gaps, and the increased selfbaiting potential they represent, may serve to diminish
that decline. Before escape gaps are incorporated on a
fishery-wide basis, more comprehensive behavioral
observations should be performed to test the "selfbaiting" hypothesis .
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CONCLUSIONS
Dominance interaction or agonistic behavior does
not appear to be a factor influencing the catch rates of
lobsters in traps with escape gaps. Escape gaps may act as
auxiliary openings, improving trap potential to attract
sublegal lobsters. Improved live baiting of the trap
ultimately increases trap attractiveness to other
lobsters, serving as a possible explanation for observed
differences in catch rate between control and escape gap
traps.
Sublegal lobsters with a carapace length of 75mm or
smaller are capable of entering or exiting a 51 mm

escape

gap placed at the base of the trap. The ability to escape
capture due to the escape gap may reduce mortal i ty of
sublegal lobsters due to handling, confinement, and
exposure. Ultimately, the number of legal-sized lobsters
available for capture should increase. This attains the
management objective of improving efficiency in the
fishery by increasing the yield per recruit.
The effectiveness of escape gaps may vary with
geographic location, composition of the population, and
time of year. A more comprehensive examination of their
influence on behavior is recommended.
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SUMMARY
With due regard to the many variables such as time of
year, number of animals tested, etc., the trapping and
behavioral studies can be summarized as follows;
1.

Significantly greater catches of legal-sized lobsters

were obtained from traps with 51 mm escape gaps, as
compared to control traps (38 mm gaps).
2.

Capture of sublegal lobsters was significantly reduced

in traps with an escape gap greater than 51 mm.
3.

Average carapace length of lobsters was significantly

correlated with increases in gap width.
4.

Dominance interaction or agonistic behavior does not

appear to be a factor influencing catch rates in escape
gap traps.
5.

Sublegal lobsters less than 75mm CL are capable of

entering and exiting through a 51 mm escape gap.
6.

The fishery management objectives of increasing yield

by weight and promoting efficiency in the fishery were
achieved by incorporating at least a 51 mm escape gap on
lobster traps.
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APPENDIX 1
SUMMARY OF SELECTED LOBSTER CATCH DATA FOR 1972-1974

77
INTRODUCTION
The following table is a compilation of raw catch data
collected intermittently from 1972 to 1974.

Traps were

placed on the third reef at depths of 20-25 meters (60-75')
in the waters off of Boca Raton. Florida. Traps were topentry wooden slat design. deployed either singly. or combined
as trawls (7-10 traps/trawl). They were baited with either
fish heads or cowhide. and scrubbed during trap haul.
In lieu of exact caliper measurements lobster were
measured with a go-no go gauge (differentiates only between

legal and sublegal lobsters). Data was reported as number of
trap hauls. number of sublegal lobsters «76 mm CL). number
of legal lobsters (>76 mm CL). and other species captured.
The data. previously unpublished. was provided courtesy
of Alan Craig and is presented here with his permission.
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Table 1 .

Catch rates by sequential time period

August-September 1912
Trap

Pull~

Lobster Number

Catch/Trap

~

Catch

Short

1553

526

0.32

22.6

Legal

1553

1800

1.16

11.4

Total

1553

2326

1.50

100.0

January-February 1913
Trap

Pull~

Lobster Number

Catch/Trap

~

Catch

Short

1006

193

0.19

14.1

Legal

1006

1124

1.12

85.3

Total

1006

1311

1.13

100.0

August-September 1913
Trap PUll!!

Lobster Number

Catch/Trap

~ Catch

Short

1144

85

0.01

1.1

Legal

1144

1025

0.90

92.3

Total

1144

1110

0.91

100.0

February-March 1914
Trap

Pull~

Lobster Number

Catch/Trap

~

Catch

Short

352

123

0.35

31.4

Legal

352

206

0.59

62.6

Total

352

329

0.94

100.0

